More than 500 different interspecific cross combinations from 140 genotypes of 27 Leucadendron species were hand pollinated in 1998-2000 flowering seasons aiming at producing new cultivars suitable for Australian growing conditions. More than 2,000 flower heads were collected and about 18,000 seeds were extracted. Over 3,000 seedlings representing most cross combinations have been planted. A breeding protocol including, selection of parents, pollen collection, assessment and storage, isolation of female flowers, pollination and seed collection and germination has been developed. Studies of pollen pistil interactions revealed that hybridisation barriers exist among some interspecific cross combinations. Cytogenetic work indicated that 25 genotypes involving 15 species studied so far have the same chromosome number of 26 with little chromosome size variation.
Introduction
The genus Leucadendron belongs to Proteaceae and has about 80 species (Vogts, 1982; Williams, 1972) . The species can be divided into two SectionsLeucadendron (A) and Alatospermum (B) based on the morphology of seeds. The two Sections are further divided into 14 Subsections (Vogts, 1982) . Many species are important in the worldwide floriculture industry. The beautiful flowers of Leucadendron and the muted green leaves, tinted with other soft shades, provide a perfect counterpoint as fillers and feature-fillers in flower arrangements. The most important species in the genus are L. argenteum, L. coniferum, L. discolor, L. eucalyptifolium, L. laureolum, L. salignum, L. xanthoconus, L. conicum, L. floridum, L. galpinnii, L. procerum, L. salicifolium and L. uliginosum and the important varieties from the above species include 'Inca Gold', 'Pisa', Red Gem', 'Maui Sunset', 'Safari Sunset', 'Red Devil', 'Katie's Blush' and 'Silvan Red' (Criley and Parvin, 1993; Anonymous, 1991; Anonymous, 1997) . Most of these species and varieties finish flowering by November and December in Australia, leaving a gap of about two months when prices peak in the market. Species such as L. uliginosum, L. conicum do flower in this period as do less well known species such as L. loeriense, L. album, L. dregei, L. nobile and L. radiatum which may be difficult to grow or are not sought after for their floricultural attributes. Therefore if the floricultural attributes from the present varieties are combined with the flowering time from the second group of species the leucadendron markets can be extended for another two months and a higher price benefit can be captured.
Leucadendrons are a major wildflower export group in Australian floricultural industry, third after waxflowers (Chamelaucium) and kangaroo paws (Anigozanthos). New leucadendron varieties suitable for the Australian environment are needed by the industry. With the help of some Australian leucadendron growers and Rural Industries
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Research & Development Corporation (RIRDC) the present breeding program was established in mid-1998 to develop leucadendron varieties adapted to Australian growing conditions and with broader marketing periods.
Materials and Methods

Management of germplasm
For convenience of recording and security, all species in the genus Leucadendron were assigned a 3 letter code. Any specific genotype selected as a parent in the breeding program was assigned a 2 digit number. The code, the 2 digit number and further information relating to individual parent were recorded in a database. Horticultural attributes included in the database were flower color and form, presence of lignotuber, vigor, gender (male or female) and seed group. Flowering date of each parent was recorded for each season. Information regarding the wild habitat of these species useful to the breeding program was also included in the database.
Pollen collection, storage and viability assessment
Leucadendron pollen was collected from male flower heads at anthesis. Pollen was placed into an Ependorf tube and the tube with the lid open was then placed in a sealed jar containing freshly dried silica gel at 4°C for at least 48 hours to dry the pollen completely.
Two methods were used to assess the viability of both fresh leucadendron pollen and pollen which had been stored for various periods. The first test indicated viability by observing pollen germination and pollen tube growth of pollen sown in vitro using 20% sucrose plus 100ppm H 3 BO 3 as the germination solution. The second test used the dye fluorescein diacetate (FDA) to determine the membrane integrity and presence of the enzyme esterase to estimate pollen viability (Heslop-Harrison and Heslop-Harrison, 1970) .
Leucadendron pollen collected from six genotypes of five species was used in a storage experiment. The genotypes included L. discolor, L. eucalyptifolium, L. conicum, L. floridum and L. salicifolium. A factorial experiment design was used. Desiccation and non-desiccation were used as the main factors with storage temperatures ranging from 20°C, 4°C, -20°C to -80°C. Pollen viability was monitored at day 0, 7, 14, 30, 90, 180 and 365 using the FDA method.
Pollen pistil interactions
Seven female parents, L. salignum
and L. murii (LMF01) were used in the experiments.
All pollen was assessed for viability and only pollen with high viability was used in the hybridisation.
Up to 12 flowers were crossed with different pollen sources at receptive stage and ten flowers were collected and fixed 72 hours after pollination.
The styles were collected from the flower head and were treated with 8 M NaOH to soften the tissues. The softened styles were squashed in a drop of aniline blue on a microscope slide. Slides were observed under fluorescent microscope and compatibility was recorded based on the ability of pollen tubes to grow down the style. Five levels were used to score the compatibility of each style: 0. No pollen germination; 1. Pollen germination but no penetration; 2. Pollen tube penetrate into 57 stigma; 3. Pollen tube penetrate into style and 4. Pollen tube present at the ovary end of the style. Photos were taken using ASA 400 slide film under a Zeiss Axioplan MC 80 microscope. Ten styles were studied for each cross combination and average scores were calculated based on the ten observations.
Seed Germination
The genus Leucadendron can be divided into two sections based primarily upon characteristics of the seed (Vogts, 1982) . Section A has rounded nut like seed. Section B has seeds that are flattened and have a small wing. The flattened seeds from section B are reported to be easier and faster to germinate than the round nutlike seeds of section A, requiring no pretreatment prior to being sown in a 1:1 sand perlite mix. Trays of seeds should be placed in an area exposed to cold (e.g. outside or in a shadehouse). Controlled environment chambers with the temperature set at a constant 11°C and 23°C and an alternate 10°C for 16 hr and 20°C for 8 hr were used in the experiment.
Seeds from only 2 species from section A were available to us at this stage, L. galpinii and L. linifolium. Both belong to the subsection villosa however, which has been reported as having a thinner seed coat than other subsections within section A (Rebelo and Rourke, 1986) . Seeds from 5 species of section B were used in the experiment (Table 1) .
Chromosome counting
The genotypes used for chromosome counting included 25 genotypes involving 15 species. The species used were 
Root tips from the plants were collected and held in saturated aqueous paradichlorobenzene for 4 hr at room temperature. Samples were then fixed in Carnoy's I fixative (95% ethanol : acetic acid = 3:1 v/v) for 24 hr. After being hydrolysed in 1M HCl at 60°C for 8-10 mins, the samples were stained in Feulgen solution for 2 hr, and then squashed in a drop of FLP orcein on microscope slide (Jackson, 1982) . The slides were heated and then pressed firmly to flatten cells. All observations were made using a Zeiss Axioplan Microscope MC 80 and photographs were taken on Pan F film using a 35 mm camera. Only metaphase stages in which individual chromosomes were clearly distinguishable were used for making counts. At least 10 dividing cells were counted for each sample to determine the chromosome number.
Results and discussion
Pollen storage
Leucadendron pollen was stored for one year without losing much viability under suitable conditions. Desiccated pollen stored at -80°C maintained the highest viability during storage (up to 55.3% at day 365). Desiccated pollen stored at -20°C also maintained good viability (up to 46.3% at day 365). Non-desiccated pollen was not suitable for long term storage. Room temperature (20°C) and ordinary refrigerator temperature (4°C) are not suitable for long term storage of leucadendron pollen. Some variation between species and genotypes in regard to pollen storage was observed but 58 the general trend was the same (Fig. 1). 
Hybridisation results
In the 1998-2000 flowering seasons, more than 500 different cross combinations from 140 genotypes of 27 species were hand pollinated aiming at producing new cultivars suitable for Australian growing conditions. The 2,000 or so flower heads harvested following crossing in 1998 and 1999 produced more than 18,000 seeds and we now have over 3,000 seedlings, planted on growers' properties over a range of soil types. These plants represent most of the successful cross combinations.
Analysis of the hybridisation data indicated that successful production of seeds is closely related to the type of crosses conducted (Table 2 ). Intraspecific crosses produced the highest number of viable seeds per head (18.3) and interspecific crosses between different subsections produced the lowest number of viable seeds per head (4.9) with interspecific crosses within subsections in between (8.5).
Pollen pistil interactions
Considerable variation in pollen pistil interaction was observed among different cross combinations. The scores ranged from 0 (no pollen germination on the stigma) to 4 (pollen tube presence at the ovary end of the style). When styles pollinated by their own species were observed, many pollen grains could be seen to have germinated with pollen tubes penetrating into the stigma and growing down through the style to emerge at the ovary end of the style. This could also be observed with cross combinations between closely related species, for example, L. salignum with L. discolor.
For some cross combinations, pollen germination was observed but pollen tubes grew so slowly that they failed to reach the end of the style at 72 hours after pollination, for example, L. salignum (LSB11) with L. laureolum (LLB05). For some cross combinations, pollen tubes swelled or grew in a zigzag way and never grew into the style properly. For some other cross combinations, pollen did not germinate on the style.
The above results provide strong evidence that prezygotic hybridisation barriers exist in the wide hybridization of leucadendron. Techniques such as style truncation, mentor pollen or application of plant growth regulators may have to be adopted to overcome the barriers.
Pollen pistil interaction in leucadendrons studied was generally correlated with the distance between the systematic positions of the species, i.e. the closer the relationship, the higher the score of the interaction (Table 3) . Pollen pistil interaction results are consistent with seed set results from field hybridisation. Generally, combinations with high pollen pistil interaction scores also produced seeds in field hybridisation and combinations with low scores (<3.3) produced no seeds.
The length of the styles was found to vary between species and it is expected that pollen from species with short styles might not be able to make it to the end of the style in a species that has longer styles. Some evidence of this can be seen when a relatively long style species L. orientale was crossed with species with shorter style e.g. L. salignum. Although pollen could germinate and penetrate into the style many did not reach the ovary end and hence could not result in fertilisation.
In some cases genotypes within a species behaved differently. For example L. laureolum pollen was unable to penetrate the style of one genotype of L. salignum (LSB11) but was able to grow through the style of another selection (LSB10). This result was consistent with our field hybridisation with the first combination producing no seed and the second combination producing viable seed.
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Leucadendron murii had no close relatives available to us and we were unable to produce any hybrids with this species from field pollinations. When L. murii pollen was used on L. murii and the styles observed, pollen germination and growth to the ovary end was clearly seen. Pollen from no other species was able to penetrate and grow to the ovary end of the style and in many cases the pollen was prevented from even germinating.
Seed Germination
The germination of leucadendron seeds was consistent within subsections of the genus. All seeds trialed had optimum germination when a diurnal temperature range (20°C for 8hrs and 10°C for 16 hrs) was used. Seeds from subsection trigona germinated at all 3 temperatures tested (11°C, 23°C or 20°C for 8hr and 10°C for 16 hr), seeds from subsections alata and compressa were unable to germinate at 23°C while L. galpinii (subsection villosa) required a diurnal temperature for germination (Table 1) . Mustart and Cowling (1991) reported similar results from 2 different species from the alata subsection with 10°C and the diurnal (10°C/20°C) treatment resulting in >90% germination, with significantly lower levels of germination at a higher diurnal temperature (15°C/30°C). This low temperature requirement would inhibit serotinous leucadendron seeds (alata, compressa and trigona subsections) germinating in summer. The villosa subsection has been reported as having both myrmecochorous and serontinous characteristics (Rebelo and Rourke, 1986) . The requirement for diurnal temperatures for the germination of L. galpinii is consistent with results from germination experiments with other myrmecochorous Proteaceae species which were also found to have a diurnal requirement (Brits, 1986) .
Chromosomes numbers
The chromosome number of 2n=26 was found to be the same for all the 25 genotypes from 15 different species as determined in this study. The chromosomes of these genotypes were small, less than 2 µm when fully condensed and the accurate count required the use of a 100x oil immersion lens (Fig. 2) .
The observed chromosome number is consistent with de Vos (1943) who examined the chromosome numbers of only two genotypes. However, after examining a reasonably large number of genotypes (25) no aneuploidy and euploidy chromosome number variation was observed in Leucadendron.
Conclusions
A successful leucadendron breeding program has been set up in Australia. Pollen was found to remain viable for at least one year in the right environment allowing for all cross combinations to be attempted regardless of flowering time. Seed set was shown to decrease with phylogenetic distance with prezygotic barriers to hybridisation were observed from pollen/pistil interaction studies. The germination of most Leucadendron seeds required a low or diurnal temperature. All 25 genotypes tested had the same chromosome number of 26. 
